Abstract: Hepatocellular carcinoma (HCC) is one of the leading causes of liver transplantation. In an attempt to predict their recurrence after liver transplantation, evaluation of tumor number and size, degree of histologic differentiation, and the presence of vascular invasion already have their importance established. In this context, the role of biologic markers such as alpha-fetoprotein (AFP) is still not clear. This retrospective cross-sectional study analyzed the AFP relationship with recurrence of HCC after orthotopic liver transplantation.
INTRODUCTION

L
iver cancer is currently one of the leading causes of cancer death worldwide. An estimated 782,500 new cases occurred in 2012, being the second malignancy more related to death in men in developing countries. 1 Hepatocellular carcinoma (HCC) accounts for approximately 90% of all primary liver cancers and it is the fifth most common cancer worldwide. 1, 2 Cirrhosis is the main risk factor for developing HCC, with chronic hepatitis B virus and C virus (HCV) infection 3, 4 and, more recently, nonalcoholic fatty liver disease 5 as the major causes of cirrhosis. In Brazil, liver disease is the eighth cause of death, being cirrhosis and liver cancer the most common of these. 6 The American Association for the Study of Liver Diseases recommends that patients with cirrhosis undergo abdominal ultrasound every 6 months for surveillance of HCC. 7 Currently, the observation of isolated alpha-fetoprotein (AFP) levels is considered unsuitable for HCC screening, surveillance, and diagnosis because of its low sensitivity and specificity. 8 Orthotopic liver transplantation (OLT) is the best available treatment modality for HCC. Patients who meet the Milan criteria and undergo transplantation have an estimated 5-year recurrence-free survival rate of approximately 83%. 9 The primary objective of patient selection criteria is to detect advanced disease, which causes early recurrence and treatment failure. The best predictors for tumor staging, however, can only be obtained after OLT by histologic examination of the explanted liver for vascular invasion, degree of differentiation, and the presence of satellite nodules. 10 The value of an elevated pretransplantation AFP level as a predictor of poor prognosis has been increasingly recognized in recent studies. [11] [12] [13] Therefore, although the significance of AFP levels in nontransplanted patients remains debatable, support is mounting for the utility of this marker in transplant candidates with HCC and for its impact on transplant outcomes. Recent studies have demonstrated that AFP level is an important predictor of posttransplantation tumor recurrence and survival in patients waitlisted for OLT. 14, 15 The objective of this study was to assess the prognostic value of pretransplantation AFP levels and their potential association with tumor recurrence.
METHODS
This was a retrospective, cross-sectional study of patients receiving follow-up at the Outpatient Adult Liver Transplantation Clinic of Complexo Hospitalar Santa Casa de Porto Alegre, in Brazil.
From December 1997 through September 2010, 768 OLTs were performed at the study. Of these, 213 patients had a confirmed diagnosis of HCC by histologic examination of the explanted liver. Seven patients were excluded from the study because of missing data in their medical records. Therefore, 206 patients remained for analysis of pre-and posttransplantation data. The data collection period ran until May 2012.
The following variables were assessed at baseline (pretransplantation): age, sex, etiology of cirrhosis, Child-Pugh score at the time of list placement, Model for End-Stage Liver Disease score at the time of transplantation, AFP level at the time of list placement (stratified into 3 levels: <50, 50-200, and >200 ng/mL), pretransplantation procedures (chemoembolization, percutaneous ethanol injection, radiofrequency ablation, and liver resection), and Milan criteria. After OLT, the following variables were assessed on the basis of explant examination: presence of incidental tumor, number of nodules, size of the largest nodule, degree of differentiation based on the Edmondson-Steiner classification, 16, 17 the presence of vascular invasion, and the presence of satellite nodules.
A preoperative diagnosis of HCC was established in accordance with the Barcelona Clinic Liver Cancer recommendations, 18 as supported by the European Association for the Study of the Liver and the American Association for the Study of Liver Diseases guidelines published in 2001 and 2005, 19,20 since the study population was assessed from 1997 to 2010. Patients transplanted before this period were diagnosed by liver biopsy.
Orthotopic liver transplantation was performed in patients with a tumor that was 5 cm or less in diameter (if a single tumor) or no more than 3 nodules, each 3 cm or less in diameter (if multiple tumors), and no evidence of vascular invasion or distant metastases.
When the predicted waiting time on the list exceeded 6 months, patients received locoregional therapy consistent with the number, size, and site of their lesions, 21 considering the local availability.
The patients included in this study underwent ultrasound and dosing AFP every 6 months for HCC recurrence surveillance, as a routine service, and the suspicious lesions of HCC recurrence were biopsied.
Informed consent was obtained from each patient upon entering the transplant list, pointing out that the data of the subsequent research would always be expressed in numbers, preserving their identity. The project was submitted to the Santa Casa de Misericórdia de Porto Alegre Research Ethics Committee under protocol 378/11, approved under protocol No. 3615/11. Such study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
Considering a 5-year average recurrence rate of 10%, [22] [23] [24] [25] [26] we estimated that a sample size of 200 would be required to detect a hazard ratio (HR) !3 for an increased recurrence rate with a statistical power of 80% at the 5% significance level. Continuous data were summarized as the means and standard deviations or as medians, interquartile ranges (P 25 -P 75 ), and ranges when the normality of the data was in doubt. Categorical data were expressed as absolute and relative frequencies.
Quantitative variables were compared using Student t test or the appropriate nonparametric tests when needed. The x 2 test was used for bivariate comparisons of categorical data.
Patient survival and HCC recurrence rates were described using Kaplan-Meier curves, which were followed by log-rank tests for bivariate comparisons. A Cox regression multivariate model was used to simultaneously evaluate the impact of different AFP levels on recurrence and to adjust for potential confounders.
All the data were processed and analyzed using the statistical package for social science (SPSS -IBM, version 18.0, Armonk, NY, USA).
RESULTS
Our case series comprised 206 patients with cirrhosis and HCC who underwent liver transplantation. The demographic and clinical profiles of the patients are described in Table 1 .
The leading causes of liver disease were chronic HCV infection (n ¼ 136, 66%) followed by combined HCV infection and alcoholism (n ¼ 23, 11.1%). Eleven patients (5.3%) had chronic hepatitis B virus, and 8 patients (3.9%) had an alcoholic etiology only. In other cases, the etiology was related to a combination of viruses or alcohol. In 6 patients, (2.9%), the etiology was considered cryptogenic cirrhosis. Comparative analysis of the survival rates in patients with and without HCC recurrence revealed a higher survival rate in the recurrence-free group. The difference between groups was quite small in the first year but increased thereafter: the 1-year survival rate was 79.3% in recurrence-free patients compared with 75% in patients with recurrence, whereas at 3 and 5 years, these rates were 70.2% versus 39.8% and 67.5% versus 25.6%, respectively (P < 0.001) (Figure 1) .
Analysis of survival rates stratified by AFP level revealed no significant correlation (P ¼ 0.153).
As Figure 2 shows, the cumulative frequency of HCC recurrence was 10.5% within 1 year of OLT, 15.5% within 3 years, 17.9% within 5 years, and 25.1% at 10 years, after which time it reached a plateau.
Analysis showed that the recurrence rate was progressively higher with increasing AFP levels. At 5 years after transplantation, the rate of HCC recurrence in patients with AFP levels <50 ng/mL was 13.1% compared with 29.4% in patients with AFP levels of 50 to 200 ng/mL and 36.8% in patients with AFP levels >200 ng/mL (P ¼ 0.002) (Figure 3 ).
Univariate analysis of factors that were potentially associated with HCC recurrence revealed an HR of 3.85 (95% confidence interval [CI] of 1.66-8.93, P ¼ 0.002) for AFP levels >200 ng/mL. The other risk factors for recurrence were the number of tumors (HR 1.37, 95% CI 1.20-1.56, P < 0.001), the degree of differentiation on the EdmondsonSteiner grading system (HR 2.28, 95% CI 1.18-4.39, P ¼ 0.014), the presence of vascular invasion (HR 4.82, 95% CI 2.08-11.17, P < 0.001), and the presence of satellite nodules (HR 3.33, 95% CI 1.66-6.68, P ¼ 0.001). In contrast, the presence of the Milan criteria was associated with a 76% reduction in the odds of recurrence (HR 0.24, 95% CI 0.12-0.88, P < 0.001). By multivariate analysis, only AFP levels >200 ng/mL remained a risk factor, with an HR of 3.32 (95% CI 1.40-7.91, P ¼ 0.007). These data are shown in Table 2 .
The analysis of incidental tumors revealed a significant difference in size, with a median tumor size of 1.8 cm compared with 2.5 cm in nonincidental tumors (P < 0.001). The median AFP level was 11.7 ng/mL compared with 15.7 ng/mL in patients with a diagnosis of HCC established before OLT (P ¼ 0.061). None of the other variables of interest (number of tumors, corrected Model for End-Stage Liver Disease score, and time on waiting list) showed any significant difference between groups.
The 5-year survival rates in patients with and without incidental tumors were 71.1% and 57.2%, respectively, with no significant difference between groups (P ¼ 0.312).
Recurrence rates were lower in patients with incidental tumors than in patients without, with 5-year recurrence rates of 13.5% and 19.1%, respectively, and 10-year recurrence rates of 13.5% and 30.5%, respectively, although the difference was not statistically significant (P ¼ 0.258).
Throughout the follow-up period, there were 32 cases of HCC recurrence (15.5%). The main sites of recurrence were the liver (n ¼ 6), liver and lungs (n ¼ 6), bones (n ¼ 6), and lymph nodes (n ¼ 5). Other sites included the liver and bones (n ¼ 3), lungs (n ¼ 2), multiple sites (n ¼ 2), palate (n ¼ 1), and adrenal gland (n ¼ 1).
DISCUSSION
Until the 1990s, the cumulative experience of transplantation in HCC patients was extremely discouraging, with a 5-year disease-free survival rate below 40% and tumor recurrence in more than 50% of patients. [27] [28] [29] This initial experience, however, enabled the discovery that a subgroup of patients with early-stage disease had a more favorable prognosis with OLT than with surgical resection. 30, 31 This finding, first highlighted by Bismuth et al 32 and publicized further by the Milan group, 9 led to a set of proposed selection criteria for OLT on the basis of a study in which the 4-year survival of OLT recipients with early-stage HCC was similar to that of recipients without cancer.
Although the use of elective criteria for transplantation in HCC has led to significant improvements in patient survival, the reported recurrence rates still range from 3% to 26%. [22] [23] [24] Hence, there is a pressing need to identify prognostic markers that can be determined preoperatively to guide optimal therapy. Studies have increasingly proposed AFP level as 1 such marker. [11] [12] [13] [14] [15] In the current study of 206 patients who underwent OLT for HCC, the overall survival rates at 1, 3, 5, and 14 years were 78.6%, 65.4%, 60.5%, and 38.7%, respectively. In a recent investigation, Vibert et al 14 followed 153 patients who underwent transplantation for HCC and found survival rates of 89%, 77%, and 72% at 1, 3, and 5 years, respectively. Yaprak et al 15 followed 102 patients and estimated the overall 5-year survival rate at 62.2%. According to a recent review 33 in patients who meet the Milan criteria, 5-year survival rates after transplantation range from 50.9% to 89.9%. In 2 Brazilian studies, 34, 35 the overall 1-year survival rate in a group of 71 patients undergoing transplantation for HCC was 74.6%, and in a sample of 84 patients meeting the Milan criteria, the overall survival rates were 87.7%, 74.5%, and 65.3% at 1, 3, and 5 years, respectively.
The overall tumor recurrence rate in our sample was 15.5%. Although the use of more stringent criteria for transplantation in HCC has significantly improved patient survival, recurrence rates still range from 3% to 26%. 9, [22] [23] [24] [25] [26] 36 The prognosis of patients with HCC recurrence remains poor. Comparative analysis of our sample population revealed significantly lower 3-and 5-year survival rates in patients with recurrence (39.8% and 25.6%, respectively) than in patients without recurrence (70.2% and 67.5%, respectively). In a recent study 25 of 126 patients who underwent transplantation for HCC, survival curve analysis showed overall 3-and 5-year survival rates of 52.9% and 45.4%, respectively, in patients with recurrence compared with 87.5% and 87.5%, respectively, in patients without recurrence (P < 0.001). As a rule, studies have demonstrated lower survival rates after recurrence. 25, 37 Analysis of the potential role of AFP isolated as a prognostic marker for survival did not show a positive correlation. The rate of recurrence, however, was significantly higher with increasing AFP levels. Vibert et al 14 stratified patients based on increasing or static AFP levels and found significantly lower overall survival rates among patients in whom levels of this oncoprotein increased over time compared with those whose levels were static (84%, 60%, and 54% in patients with increasing levels compared with 90%, 80%, and 77% in patients with static levels at 1, 3, and 5 years, respectively). It bears emphasizing that in contrast to the study by Vibert et al, 14 we only analyzed 1 AFP measurement obtained before transplantation, which may in part explain the lack of association between this marker and survival in our sample. In addition, we found an overall mortality rate of 44% and only 15.5% of recurrence (n ¼ 32). This small number of recurrences compared with the deaths may also explain this point. We, however, found a significant correlation between the presence of recurrence and AFP level. Such an association has been described elsewhere in the literature, especially when AFP levels were greater than 1000 ng/mL before OLT. 12, 13 Less significant values of AFP, however, have shown a positive association. Ho et al 38 reported that pretransplantation AFP levels greater than 200 ng/ mL led to increased HCC recurrence. Xu et al 11 stratified patients into 3 categories by AFP level (<20, 20-400, and >400 ng/mL) and found tumor recurrence rates of 14.3%, 22.2%, and 52.3%, respectively. More recently, other authors obtained similar results. 39, 40 Thus, although the trend is to consider only AFP values above 1000 ng/mL significant for HCC recurrence, our study confirms the alert that lower values of AFP should also be appreciated, especially if used prognostic models, which incorporate AFP. 40 FIGURE 2. Cumulative frequency of tumor recurrence after orthotopic liver transplantation.
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The risk factors for HCC recurrence by univariate analysis of our sample population were an AFP level >200 ng/mL, number of tumors, degree of differentiation, vascular invasion, and the presence of satellite nodules. By multivariate analysis, only an AFP level >200 ng/mL remained a risk factor. In a 12-year follow-up of 289 patients who underwent transplantation for HCC, multivariate analysis also demonstrated the importance of measuring AFP levels before OLT. 41 Several factors associated with tumor recurrence have been reported in the literature. Iwatsuki et al 31 were among the first to highlight the importance of transplantation in patients with early-stage tumors and identified the presence of satellite nodules, vascular invasion, tumor size, number of nodules, and bilobar involvement as indicators of poor prognosis. Factors currently recognized as having prognostic utility include vascular invasion, degree of differentiation, tumor size, number of nodules, and AFP level. 42 -47 As mentioned before, a wide range of AFP levels have been associated with recurrence after transplantation. The prevalence of incidental HCC in cirrhotic patients undergoing liver transplantation ranges from 4.2% to 40%. 53, 54 In our study, there were 38 patients with incidental tumors (18.44%). As in previous investigations, 55 we found that incidental tumors were smaller in diameter than those diagnosed before transplantation. Survival was higher and recurrence less frequent in this patient subgroup, although the difference was not significant compared with patients with nonincidental tumors. The relatively small number of patients with incidental HCC, however, precludes any definitive conclusions. The impact of an incidental diagnosis of HCC on survival and recurrence remains a matter of controversy in the literature. Molmenti et al 56 found that patients with incidental tumors had a survival and recurrence advantage; similarly, other authors have reported a better prognosis for patients with incidental tumors. 55, 57 In our sample population, the main sites of recurrence were the liver, lungs, bones, and lymph nodes (72% of patients), which are locations that are consistent with the literature. 11, 23, 25 Our study has some limitations-most notably the retrospective study design, only 1 AFP measurement obtained before transplantation and the small number of patients with an AFP level >200 ng/mL. This study, however, has shown that moderate increases in levels of AFP may be associated with an increase in HCC recurrence as with higher levels, with the advantage of being a presurgical marker. This result is in agreement with the findings worldwide but, to our knowledge, they are the first data regarding the Latin America. These findings should aid hepatologists in deciding when transplantation is indicated in this patient population.
